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Atrichia with papular lesions is a rare autosomal
recessive form of alopecia characterized by hair loss
soon after birth and the development during childhood
of a diffuse papular rash. We have previously shown
that this disorder results from a deleterious mutation
in the human hairless gene, a gene also involved in
the pathogenesis of a related but clinically distinct
form of congenital alopecia, termed alopecia univer-
salis congenita. In this report, we describe a novel
Inherited forms of hair loss without associated skin or internalabnormalities are rare diseases (Bertolino and Freedberg,1993). Two main autosomal recessive types of this conditionhave been described: alopecia universalis congenita (AUC)(OMIM 203655) (Ahmad et al, 1993; Kenue and Al-Dhafri,
1994) and atrichia with papular lesions (APL) (OMIM 209500)
(Damste and Prakken, 1954; Loewenthal and Prakken, 1961; Del
Castillo et al, 1974; Ischii et al, 1979; Czarnecki and Stingl, 1980;
Kanzler and Rasmussen, 1986; Misciali et al, 1992; Delprat et al,
1994; Sprecher et al, 1998).
The two diseases are known to be associated with hair loss soon
after birth. The skin is otherwise normal in AUC whereas APL
patients develop, between the age of 2 and 26 y, a striking papular
rash, covering most part of their skin. Histologically, both diseases
are characterized by the total absence of mature hair follicles,
although well-developed infundibula have been observed in some
cases of APL (Del Castillo et al, 1974; Misciali et al, 1992; Sprecher
et al, 1998). Dermal follicular cysts are invariably observed in APL
(Misciali et al, 1992) whereas their presence has not been reported
in all cases of AUC (Kenue and Al-Dhafri, 1994).
AUC has been shown to result from a mutation in the human
hairless gene (Ahmad et al, 1998a, b; Cichon et al, 1998). We have
recently shown in a large Arab–Israeli kindred that APL maps to
chromosome 8p (Sprecher et al, 1998) and have subsequently
identified a frameshift mutation in exon 18 of the hairless gene,
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nonsense mutation in exon 4 of the human hairless gene
in a consanguineous kindred affected with atrichia with
papular lesions. This report provides additional evid-
ence for phenotypic heterogeneity among inherited
atrichias and for an association between the papular
rash of atrichia with papular lesions and nonsense
mutations in the human hairless gene. Key words: hair/
skin. J Invest Dermatol 113:687–690, 1999
segregating with the disease trait throughout the affected family
(Sprecher et al, 1999). A mutation in the same gene has been
reported by Zlotogorski et al (1998) in another consanguineous
family affected with APL. Thus AUC and APL are caused by
mutations in the hairless gene. In an attempt to characterize further
the relationship between phenotype and genotype among inherited
atrichias, a mutational analysis was performed among members of
another kindred affected with APL.
MATERIALS AND METHODS
Subjects A consanguineous kindred of Pakistani origin including two
affected children, was studied (Fig 1). Ethylenediamine tetraacetic acid
blood samples for genetic analysis were collected after obtaining informed
consent from the subjects or their guardian according to a protocol
reviewed and approved by the local Helsinki committee. DNA was
prepared by standard methods (Sambrook et al, 1989).
Sequence analysis Genomic DNA was amplified using primer pairs
previously described (Cichon et al, 1998; Sprecher et al, 1999). Polymerase
chain reaction was performed with Taq DNA polymerase (Promega,
Madison, WI) in a PTC-100 thermocycler (MJ Research, Watertown,
MA). Polymerase chain reaction conditions were as follows: denaturation
at 94°C for 2 min; 35 subsequent amplifications cycles performed at 94°C
for 30 s, at 55°C for 30 s, and at 72°C for 30 min; one final step at 72°C
for 7 min. DNA fragments were analyzed by electrophoresis on 2% agarose
gels and purified using the QIAquick gel extraction kit (QIAgen, Valencia,
CA) before sequencing.
Polymerase chain reaction fragments were sequenced by capillary electro-
phoresis on an ABI PRISM 310 Automated Sequencer (Perkin-Elmer,
Foster City, CA) using the Big Dye (Perkin Elmer) terminator kit.
RESULTS
Phenotypic characterization of the affected family Two
children belonging to a consanguineous kindred of Pakistani origin
(Fig 1) were given a diagnosis of APL on the basis of characteristic
clinical and histopathologic features. Both children were born
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Figure 1. Pedigree of the APL kindred. Blood samples were obtained
from numbered individuals.
without eyebrows but with normal scalp hair. They started losing
hair at 1 y of age. At the age of 2 y, no body hair, except for sparse
eyelashes, was visible. One year later, a diffuse asymptomatic papular
rash covering most of their skin progressively developed (Fig 2).
Teeth and nails were normal. No other physical or laboratory
abnormality was detected on routine examination. Skin biopsies of
their scalp revealed the complete absence of mature hair follicles.
Instead, follicular cysts and hair follicle remnants were visible in
the dermis (not shown).
Mutational analysis Previous evidence indicating that APL
results from mutation in the hairless gene (Sprecher et al, 1999)
prompted us to perform a mutational analysis of the gene in the
affected family. We had access to DNA from both patients and
their parents. An homozygous C to T substitution was identified
at cDNA position 1432 in both patients (Fig 3). This mutation is
located in exon 4 of the hairless gene. It is predicted to result in
the premature termination of the hairless gene product because of
the substitution of a glutamine residue by a stop codon at codon
478 and was therefore termed Q478X. The mutation was present
in the heterozygous state in both obligate heterozygous parents. In
contrast the mutation was not found in 15 unrelated individuals.
Sequence electropherograms from an affected child homozygous
for the mutation, his father, and an unrelated control are shown
in Fig 3.
DISCUSSION
Numerous clinical and investigational reports have recently
suggested that the hairless gene product plays a central part during
hair growth and differentiation (Ahmad et al, 1998a, b; Cichon
et al, 1998; Panteleyev et al, 1998a, b; Zlotogorski et al, 1998;
Sprecher et al, 1999). Although phenotypic heterogeneity has been
demonstrated among inherited atrichias (Sprecher et al, 1999), little
is currently known regarding the relationship between genotype
and phenotype in these disorders. In an attempt to characterize
better this relationship, we describe herein a new mutation in exon
Figure 2. APL in a 6 y old female patient. The hair is totally absent
except for sparse eyelashes. Numerous skin-colored papules are present
over the face and scalp.
4 of the human hairless gene in a consanguineous family affected
with APL. This mutation is expected to result in the absence of
at least more than two-thirds of the putative hairless protein.
Alternatively, it is possible that the protein is not translated at all
due to RNA decay of transcripts bearing a premature termination
codon (Cui et al, 1995). Interestingly, the Q478X mutation, which
represents a near knock-out mutation of the hairless gene, results
in a phenotype identical to the one observed in another case of
APL caused by a mutation at the near end of the gene coding
sequence (Sprecher et al, 1999). In addition, despite the fact that
the hairless gene was found to be expressed in many tissues
including the brain (Cichon et al, 1998), no psychomotor or
nondermatologic developmental defects were observed in the
affected children. This observation suggests the presence in extra-
cutaneous tissues of biologic activities capable of compensating for
the absence of a functional hairless gene product.
Since the original report describing a mutation in the human
hairless gene in AUC, a total of five additional mutations in that
gene have been described. Four of these mutations (Ahmad et al,
1998a, b; Cichon et al, 1998) have been described in consanguineous
families affected with AUC. Cichon et al (1998) have recently
indicated that one of these mutations (Ahmad et al, 1998a) may
not be pathogenic as it was found to be carried by a large number
of normal individuals. All mutations described to date in AUC
kindreds have been characterized as mis-sense mutations, presum-
ably resulting in amino acid substitution or insertion into the
hairless gene product. Although the splice site mutation reported
by Cichon et al (1998) could theoretically cause a frameshift
mutation with premature termination of the hairless gene product,
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Table I. Phenotype/genotype correlation in inherited atrichias caused by mutations in the hairless gene
Mutation type Disease Exon Aa Ba Ca Da Reference
Missense AUC 15 1 2 1 2 Ahmad et al, 1998ab
Missense AUCc 6 1 2 2 2 Ahmad et al, 1998b
Missense AUC 18 1 2 1 2 Cichon et al, 1998
Splice site AUC 12 1 2 2 2 Cichon et al, 1998
Non-sense APL 9 1 1 1 2 Zlotogorski et al, 1998
Non-sense APL 18 1 1 1 1 Sprecher et al, 1999
Non-sense APL 4 1 1 1 2 Present report
aA, hair loss soon after birth; B, diffuse papular rash; C, follicular cysts in bald skin; D, well-developed infundibula.
bThe pathogenicity of this mutation is questionable.
cGroups of papules and cystic lesions located on the elbows and knees but no diffuse papular rash.
Figure 3. Sequence analysis of exon 4.
Electropherograms showing part of exon
4 sequence in a healthy individual, an
heterozygous parent and an affected child
(left panel). A C to T substitution at
nucleotide position 1432 is marked with
an arrow. The mutation is predicted to result
in the conversion of a glutamine residue
to a stop codon with premature termination
of the hairless gene product (right panel).
the use of a cryptic downstream splicing acceptor site is predicted
to result in an insertional mutation at amino acid position 925
(Cichon et al, 1998). In contrast, two mutations in the hairless
gene described in APL kindreds (Zlotogorski et al, 1998; Sprecher
et al, 1999) have been found to result in frameshift with subsequent
premature termination of the protein (Table I). In this report, a
third non-sense mutation in an APL kindred is described supporting
the hypothesis that the papular rash of APL is associated with non-
sense mutations in the hairless gene. In contrast, mis-sense mutations
in the hairless gene seem to be associated with the absence of a
papular rash. Although the molecular basis for this association
is unclear at the present, it is possible that the absence of a
regulatory element in the hairless gene product leads to the
development of follicular papules in APL. This element should be
located at the 39-end of the gene. Indeed, the shortest truncation
described to date among APL families was shown to result from
the deletion of a single cytosine base at cDNA position 3434 in a
large consanguineous family displaying the early hair loss and the
subsequent diffuse papular rash characteristic of APL (Sprecher et al,
1999). This deletion is predicted to affect the last 43 amino acid
residues of the hairless gene product (Sprecher et al, 1999). Two
other non-sense mutations, in APL families, in exon 4 (this report)
and 9 (Zlotogorski et al, 1998) affect larger regions including the
39-end of the gene. Alternatively, phenotypic heterogeneity in
congenital atrichias may be related to the effects of modifier genes
(Houlston and Tomlinson, 1998) and not determined by specific
changes within the hairless gene coding sequence.
Phenotypic heterogeneity among inherited atrichias in humans
is reminiscent of the various murine allelic diseases caused by
mutations in the hairless gene (Panteleyev et al, 1998b). Whereas
both hairless and rhino mice lose hair soon after birth as a result
of deleterious mutations within the hairless gene, rhino mice, in
contrast with hairless mice, display striking changes in the skin
resulting from dermal cyst hyperplasia. Rhino mice may therefore
represent the counterpart of APL whereas the hairless phenotype
may be considered as more closely related to AUC. Interestingly,
non-sense mutations in exon 4 of the hairless gene have also been
reported to underlie the rhino phenotype in the mouse (Ahmad
et al, 1998c, d).
Little is currently known about the exact function of the hairless
gene product. Structural analysis of the gene indicates that it
probably belongs to the GATA family of transcription factors.
(Cachon-Gonzalez et al, 1994). Experiments in rodents have
suggested that it may function as a repressor transcription factor
(Thompson and Bottcher, 1997) and be involved in the regula-
tion of keratinocyte apoptosis during the catagen phase of hair
follicle development (Panteleyev et al, 1998a). In its absence,
hair follicles cannot recover from the first postnatal catagen
phase and reinitiate hair growth and differentiation. This may
explain why children affected with APL are born with hair but
fail to regrow hair during the first adult hair cycle. Given the
various phenotypes generated by mutations in the hairless gene,
ranging from the complete absence of hair follicles and papules
(Kenue and Al-Dhafri, 1994) to a diffuse papular rash with
well-developed infundibula (Misciali et al, 1992; Sprecher et al,
1998), it is likely that the hairless gene product includes multiple
regulatory domains involved in the regulation of distinct phases
of the hair follicle development. Additional reports of mutations
within this gene will most probably further broaden our
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understanding of the complex relationship between phenotype
and genotype among inherited atrichias.
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